C ardiovascular disease (CVD) is the leading cause of morbidity and mortality in the United States and worldwide. 1 Reductions in CVD morbidity and mortality have been achieved by reducing risk factor exposure with lifestyle and pharmacologic interventions, including use of aspirin. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Aspirin has been demonstrated to prevent a first myocardial infarction (MI) or stroke among individuals at high risk 12, 13 and to be cost-effective. 16, 17 It also decreases the risk of subsequent cardiovascular events and death among individuals who have already experienced an MI or stroke. 14, 15 Regular aspirin use for primary prevention (PP) of CVD has been evaluated in multiple well-designed clinical trials. In 1989, the Physician's Health Study reported a 44% reduction in risk of a first MI for male participants who received aspirin. 12 Regular aspirin use led to a 24% reduction in risk for ischemic stroke in women as demonstrated in the Women's Health Study in 2005. 13 These studies and others [18] [19] [20] 23 Other national cardiovascular health organizations, including the American Heart Association, the American Stroke Association, and the American Diabetes Association, have also released positive recommendations to guide healthcare professionals on the appropriate use of aspirin for PP of cardiovascular ischemic events. [24] [25] [26] [27] Thus, within this time frame, primary care clinicians were offered strong published support for PP aspirin use, in the absence of a national dissemination plan and easy-to-use aspirin prescriptive clinical tools.
Since the publication of the 2009 USPSTF recommendation, examination of the appropriateness of aspirin use (defined as benefit greater than risk) in a primary care outpatient population has been limited. Descriptions of PP aspirin use in this population have not previously been published in association with measurements of individual 10-year CVD risk.
The current investigation was thus designed to: (1) evaluate the temporal trends in PP aspirin use in a large, primary care-based population over a 9-year period (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) ; (2) evaluate these trends in subgroups with lower to high CVD risk; (3) compare PP and secondary prevention aspirin treatment intensity; and (4) define the prevalence of selected contraindications to PP aspirin use. We hypothesized that PP aspirin use would increase after publication of the 2009 USPSTF recommendation, particularly in intermediateand high-risk populations. We also hypothesized that low-risk patients might experience a lower aspirin exposure after the 2009 USPSTF publication.
The recently updated 2016 USPSTF aspirin PP recommendation statement 28 advises use of low-dose aspirin for the PP of CVD and colorectal cancer in adults aged 50 to 69 years who have a 10% or greater 10-year CVD risk, are not at increased risk for bleeding, have a life expectancy of at least 10 years, and are willing to take low-dose aspirin daily for at least 10 years (B and C recommendations). Improved effectiveness of the updated 2016 national aspirin use PP guidelines can be informed by evaluation of past aspirin use trends in real-world practice.
Methods

Study Population and Setting
This study included men aged 45 to 79 years and women aged 55 to 79 years with one or more primary care encounters at a Fairview Health Services clinic between 2007 and 2015. Encounters were limited to those labeled as "office visit" or "outpatient visit" to delineate a face-to-face visit with a healthcare professional. Fairview Health Services is a nonprofit, integrated health system, based in Minnesota, that includes 6 hospitals and health centers, 43 primary care clinics, and 2500 aligned physicians, with %6.6 million outpatient encounters and 1.6 million clinic visits annually. 29 This health system includes the University of Minnesota Medical Center as its flagship academic hospital. While no single health system can fully represent a national PP clinical population, this health system is representative of the 7 county Twin Cities metropolitan area in demographic characteristics. The Minnesota Heart Survey data set, a random sample of adults, found similar characteristics.
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Data Source and Extraction Method
Data were extracted from the electronic health record (EHR) for the months of January and July from 2007 to 2015 (18 one-month serial cross-sectional data sets). Patients were included if they consented to EHR data sharing for research (over 97% of patients from Fairview), were in the target age range, and presented for a visit with a primary care provider.
Only the first visit in a 1-month time period was included. The EPIC EHR system (Epic Systems) is currently used by Fairview Health Services. Data were placed in an Oracle SQL database on a secure electronic data shelter. A series of manual chart reviews were completed to compare the accuracy of the extracted electronic data with a physician-based individual
Clinical Perspective
What Is New?
• Primary prevention aspirin use in a large, primary care population, declined in the years following the publication of the 2009 US Preventive Services Task Force recommendations.
• Aspirin use increased with cardiovascular disease risk as estimated by the American College of Cardiology/American Heart Association global risk score and is highly prevalent in a high-risk population but may be underused in patients with a 10% to 20% 10-year risk of cardiovascular disease.
What Are the Clinical Implications?
• Interventions to improve appropriate primary prevention aspirin use should be considered as the updated 2016 US Preventive Services Task Force recommendations are being incorporated into primary care practices.
EHR review (J.R.V.H.). Iterative adjustments were made to the data extraction code to improve accuracy. Primary and secondary prevention patients were identified by searching the problem list and encounter diagnosis data fields, at the time of the index encounter, for International Classification of Diseases, 9th Revision (ICD-9), and Current Procedural Terminology codes for atherosclerotic disease. These data fields were also used to assign CVD risk factors and to identify aspirin contraindications, including a documented history of peptic ulcer disease or gastrointestinal bleeding. A third data field contained diagnoses that were not linked to a date, therefore it was not used to identify diagnoses or contraindications. However, this data field was used to exclude from analysis 22 180 persons with any diagnosis of an atherosclerotic event. Figure 1 displays a diagram of patient cohort assembly.
Medication lists at the time of the encounter were queried for aspirin, antihypertensive, antithrombotic, and statin medications. Aspirin doses >325 mg were not considered as indicative of primary or secondary prevention and were therefore excluded from the analysis. Blood pressure was extracted if obtained during the specified encounter. Total cholesterol and high-density lipoprotein cholesterol values were abstracted if drawn within 6 months before the encounter. 
Variable Definitions
The secondary prevention (SP) population was defined by a documented history of coronary artery disease, ischemic stroke or peripheral artery disease, or a disease-specific revascularization procedure. Patients excluded from the SP population were defined as the PP population. The PP population was further divided into those with and without complete data required for the cardiovascular risk score calculation ( Figure 1 ). The American College of Cardiology/ American Heart Association 2013 global risk estimator was used to estimate 10-year CVD risk as this estimation has effectively replaced the use of the Framingham Risk Score. 31 Patients with CVD risk scores were then divided into low-, intermediate-, and high-risk groups, corresponding to a 10-year CVD risk score of <10%, 10% to 20%, and ≥20%, respectively. Contraindications to aspirin use were defined as a documented history of peptic ulcer disease or gastrointestinal bleeding or use of another antithrombotic medication. Allergy to aspirin was unobtainable because of formatting of the EHR, but allergic reactions have been shown to be low in a normal population. 32 Thus, appropriate PP aspirin use candidates were defined as individuals within the age and sex targets outlined by the USPSTF who did not have a contraindication to aspirin. Smoking included current or past tobacco use as identified by ICD-9 codes for tobacco use, Current Procedural Terminology codes for cessation counseling, or use of varenicline. A complete list of ICD-9 and Current Procedural Terminology codes used to identify all diagnoses and procedures is provided in Table 1 .
Statistical Analysis
Descriptive demographic data are presented as counts, meanAESD, and percentages. The prevalence of aspirin use was defined as the number of aspirin users within each group divided by the total number of individuals within that group. Aspirin use by PP candidates was further examined by risk category. The prevalence of aspirin use by individuals in the PP population was reported only for those patients without an aspirin contraindication, as defined above. When describing aspirin use in the SP population, all patients were analyzed. Trend analysis using a logistic regression model was used to evaluate the change in aspirin use over time. When examining the change in PP aspirin use by risk group, dummy variables and their interaction effects with time were used to fit the logistic regression model to the entire sample. Logistic regression was used to identify univariate associations between ASA use and patient characteristics. All analyses were performed using Stata version 13 (StataCorp).
The study protocol was reviewed and approved by the University of Minnesota's institutional review board.
Results
There were 314 434 primary care clinic encounters during the 18 one-month time intervals over the 9-year study period. After removing 39 465 duplicates and 22 180 patients with a CVD diagnosis that was not linked to a date, 252 789 patients were included in the study. A total of 220 482 (87%) had no history of CVD, of whom 94 270 had sufficient data available for calculating a CVD risk score (Figure 1 ). The low-(<10%), intermediate-(10-20%), and high-(≥20%) risk groups included 51 680 (55%), 24 944 (26%), and 17 646 (19%) persons, respectively. The study population was primarily white, with 45% of women. Demographic data from both the PP and SP groups are displayed in Table 2 . Compared with patients in the SP group, patients in the PP group were younger (61AE9 versus 67AE8) and had a higher prevalence of women (45% versus 37%) and lower prevalence of CVD risk factors. Within the PP sample, age, sex, and race were similar in patients with and without data required to calculate a risk score. Those with a calculated risk score had a higher prevalence of hypertension (52% versus 37%), hyperlipidemia (63% versus 32%), and diabetes mellitus (24% versus 11%) and were prescribed more antihypertensive medications (55% versus 43%) and statins (52% versus 27%) compared with those without a risk score. Prevalence of smoking was similar between the groups. Characteristics of patients with PP by 10-year CVD risk score are displayed in Table 3 . As CVD risk increased, the average age increased from 57 years to 71 years, and the proportion of women decreased from 50% to 39%. In the lowrisk group, 65% had 0 or 1 CVD risk factor, whereas over 75% of the high-risk group had ≥2 risk factors. Contraindications to aspirin were low in the PP population. Ulcer or bleeding prevalence was <3% in all groups. However, antithrombotic medication use increased from 2.6% in the low-risk group to 8% in the high-risk group.
Over the 9-year study period, the prevalence of aspirin use among the total PP sample decreased (P for trend <0.0001), varying between 39% and 46%, with a mean of 43%. When stratified by 10-year CVD risk, aspirin use was higher in each progressively higher-risk group (Figure 2) . The high-risk sample had a mean prevalence of aspirin use of 73%; nearly as high as aspirin use in the SP population (77%). The intermediate-risk and low-risk samples had a mean prevalence of aspirin use of 63% and 41%, respectively. The PP sample without a risk score had the lowest prevalence of aspirin use, with a mean of 35%. In the years before the 2009 USPSTF recommendation, mean aspirin use in the high-, Contraindications to aspirin use were low (6%) in the total PP sample but increased as CVD risk increased. Four percent of the low-risk sample, 6% of the intermediate-risk sample, and 10% of the high-risk sample had a contraindication to aspirin use. This also did not vary over the 9-year study period (data not shown).
Discussion
This study demonstrates that PP aspirin use in this representative population did not increase in response to the publication of the 2009 USPSTF aspirin PP recommendation. These data also demonstrate that aspirin use was higher for individuals with elevated calculated CVD risk. Thus, health professionals were indeed applying the 2009 USPSTF recommendation, in the absence of a health system-based quality improvement initiative, in patients with easily recognized high risk.
Temporal Change in Aspirin Use
Aspirin use at the beginning of the study in January 2007 was 42%, 64%, and 75% in the low-, intermediate-, and high-risk groups, respectively, and 40% overall. By July 2015, aspirin use prevalence was 36%, 59%, and 69% in the low-, intermediate-, and high-risk groups, respectively, and 39% overall. Although a statistically significant decrease, the clinical difference is small, reflecting a lack of major change in aspirin use behavior. A recent national survey described PP aspirin use in 47% of adults aged 45 to 75 years, 33 which is similar to the prevalence found in this study. The lack of improvement in PP aspirin use contrasts with the large increase in SP aspirin use observed in response to secondary CVD prevention guideline dissemination. 30, [34] [35] [36] For example, our work from MHS (Minnesota Heart Survey) reported an increase in SP aspirin use among men aged 25 to 75 years living in Minnesota from 19% in 1980 to 1982 to 74% in 2007 to 2009. 30 As is well known, cardiovascular SP efforts have long been embedded into national, regional, and health system quality-improvement initiatives, which have not emphasized PP. Poor uptake of PP recommendations is a well-recognized problem [37] [38] [39] and this study demonstrates that the challenge extends to aspirin use as well. The 2009 USPSTF recommendation was not effective, in the absence of a dissemination program, in increasing PP aspirin use. As well, the lack of improvement in PP aspirin use may be attributable to the complexity of the recommendation, which varied by age, sex, and risk level. It is unlikely, in a limited primary care visit, that a CVD risk score was formally calculated. High-risk individuals are easily recognized and in this study used aspirin at a rate similar to the SP population, leaving little room for improvement after recommendation publication. However, the intermediate-risk group, which is likely less quickly identified, had suboptimal aspirin use at the beginning of the study and experienced a slight decrease in aspirin use after the 2009 recommendation.
PP Aspirin Use is Higher With Increased CVD Risk
Aspirin use has previously been shown to increase as the number of CVD risk factors increase. 36, 40 The univariate analysis in Table 4 again shows a strong association between increased aspirin use with an increased number of risk factors. This is the first study to describe PP aspirin prevalence within a primary care population by the calculated 10-year risk score. The high 73% aspirin use in the high-risk (≥20%) PP population is similar to aspirin use in the SP population. The intermediate-risk population (10-20% 10-year risk) had a lower prevalence rate of aspirin use of 63%. The low-risk population (<10% 10-year risk) had a 41% aspirin use prevalence, and the lowest use was seen in the population with incomplete data for risk calculation (35%). Although a risk score was not calculated, this group had fewer risk factors than the low-risk group. This was particularly true for a diagnosis of hyperlipidemia, which was documented in 32% of the no-risk group and 56% of the low-risk group. This may represent a true difference in prevalence of risk factors or simply a lack of screening for hyperlipidemia. Inclusion in the current study required a clinic visit, so these estimates likely overrepresent aspirin use by the general public. This study used a conservative 10-year CVD risk score of 10% as the threshold to define the intermediate-risk group. This risk score threshold is supported by the recently updated USPSTF recommendation statement, which uses a 10-year CVD risk score of ≥10% as the cutoff for PP aspirin recommendation in adults aged 50 to 59 years (B recommendation) and those aged 60 to 69 years (C recommendation). Future evaluation of PP aspirin use following the 2016 recommendations can be informed by these data as clinicians and researchers seek to use these guidelines to achieve maximal benefit at lowest risk.
This study used the American College of Cardiology/ American Heart Association risk estimator to identify 10-year CVD risk. We note that this estimator was not available nor used in clinical practice during the observation period of the current study. Use of CVD risk estimators was not common during the decade of this study. 41 We cannot determine from the current data source whether the Framingham Risk Score or any other risk estimation was used by clinicians.
Appropriate Aspirin Use
Aspirin use is effective in preventing first heart attacks and strokes, although at the cost of an increased risk of bleeding events. A 2012 meta-analysis of the net benefit of aspirin to prevent vascular events reported a 31% excess in nontrivial bleeding (OR, 1.31; 95% CI, 1.14-1.50). 42 Yet, there is not an identical health impact of a heart attack or stroke and a reversible, nonfatal bleeding event. Thus, "appropriate aspirin use" could be defined as prescription of aspirin to prevent a first cardiovascular ischemic event, when benefit is greater than risk, as informed by patient preferences. To achieve this clinical goal requires thoughtful discussion by an informed clinician who engages an informed "at-risk" patient, on the individual level. Clinicians may be concerned about "inappropriate" aspirin use in populations with low CVD risk. 43 In this study, 41% of individuals with a 10-year CVD risk of <10% used aspirin and 33% of those with CVD risk <5% used aspirin. This high prevalence of aspirin use may reflect a lack of consensus on which patients might benefit from aspirin use as reflected by the differing recommendations released by various guideline committees. 44 This intervention provides the public with selfassessment tools and a media campaign to promote public awareness of individual cardiovascular risk. The intervention also provides primary care practice-based educational interventions and candidacy tools to foster health professional risk/benefit assessments. A cost-effectiveness Markov model to evaluate the impact of this approach on a state-wide level has demonstrated that this approach would likely be clinically effective and also cost-effective in both men and women. 17 The updated 2016 USPSTF recommendation has, compared with the 2009 USPSTF recommendation, been simplified with no prescriptive difference by sex and with one well-defined risk threshold proposed. However, to effect change, a dissemination effort will likely be necessary. Routine risk calculation using data from the EHR is one way to correctly identify candidates for PP aspirin use who might otherwise be undertreated.
Study Limitations
There are several limitations to this study that are common to all administrative data set studies. The use of EHR data assumes regular updates of the problem lists and medications. This is especially pertinent because aspirin can be obtained without a prescription. While the accuracy of these data cannot be known, misclassification of low-dose aspirin use in an EHR has been shown to be uncommon. 45 Two studies evaluating PP aspirin use gathered data by surveying participants and reported aspirin use rates similar to those in our study. 33, 46 As noted, this method of analysis does not allow for determination of the indication for aspirin use or how regularly it is used. To decrease the inclusion of individuals who might be using aspirin as a pain reliever, we excluded aspirin doses >325 mg when calculating aspirin prevalence. Finally, this study population was largely white, reflecting the racial demographics of Minnesota, therefore these results may not generalize to nonwhite populations. While the population studied was large and included individuals from many different clinics across a wide geographic region in this state, it cannot be known whether comparable results would be observed in other health systems or in other geographic sites.
Conclusions
PP aspirin use did not temporally increase in a large primary care population following the release of the 2009 USPSTF recommendations. Aspirin use was observed to increase with CVD risk and is highly prevalent in a high-risk population but may be underused in those with a 10% to 20% 10-year risk of CVD. As the 2016 USPSTF aspirin PP recommendations are considered for national dissemination, specific interventions to inform patients and health professionals should be implemented in primary care settings to improve PP aspirin use.
